ABSTRACT. Silvicultural practices used for forest management in the Indigenous Community of Nuevo San Juan Parangaricutiro (CINSJP for its initials in Spanish), Michoacan, Mexico, are important for the sustainability of its woodlands. For this purpose, techniques that provide reliable and current quantitative estimates are required. The aim was to t an equation that describes the allometric relationship between total height and normal diameter (Th-nd) of Pinus pseudostrobus in the CINJSP forests. Data were obtained from P. pseudostrobus stands that have been managed with the Silvicultural Development Method (SDM) at dierent stages according to the current forest management program. The research area is between 2,200 and 2 500 masl, has a temperate type C (w2) climate, and is located at southwest of the Purhépecha Plateau within the Trans-Mexican Volcanic Belt region. The sample size consisted of 169 total height-normal diameter (Th-nd) data pairs. Ten allometric models to evaluate the goodness of t were tested, choosing three models based on the lowest values of the sum of square errors of prediction (SSE) and the root mean squared error (RMSE), the highest adjusted coecients of determination and the signicance of their parameters. The deviations of the models were smaller than 0.01 m. The three-parameter equation T h = K + 38.06004 1+6.033101exp(0.066439dn) , proved to be statistically more stable than the rest, and it also shows deviations of less than one meter per tree and less than 1% for the entire population.
INTRODUCTION
Temperate forests in Mexico cover 21% of the country's area (Guzmán-Mendoza et al. 2014) , with the genera Pinus and Quercus genus having the highest distribution (Sánchez-González 2008) . The genus Pinus is composed of 40 endemic species in the country of the 100 reported worldwide (Alba-López et al. 2003) , with the species where P. patula, P. oocarpa, P. pseudostrobus, P. herrerae, P. leiophylla and P. arizonica having have the greatest presence and commercial interest (Ramírez-Herrera et al.,2005) . The species P. pseudostrobus stands out in importance for the forest industry in Michoacán state due its abundance and high productivity (García and González et al. 2003 ). In the Indigenous Community of Nuevo San Juan Parangaricutiro (CINSJP), the species P. Pseudostrobus, P. devoniana, P. leiophylla and P. montezumae are the most important in supplying raw material for sawmilling (MedinaGarcía and Guevara-Ferer 2000) . In the CINSJP, Pinus pseudostrobus stands out in the sustainable management of its forests, with use and yield in an upward trend since 1979, the year in which the rst forest management program was implemented (Castellano-Acuña et al. 2013) .
The evolution of forest areas over time, as a consequence of management activities in a forest (Hernández-Díaz et al.,2008) , causes dynamic changes in the structure, density and tree composition of the stands (Velasco et al. 2006) . Estimating allometric relationships in trees reduces the eld data collection time required for a forest inventory and helps obtain reliable estimates of variables that are dicult to measure, such as total height (Th), which serves to estimate other variables, such as volume, biomass or carbon, through easy-tomeasure variables (Quiñonez et al. 2012) , which are used in the planning of silvicultural activities for forest management programs , García-Cuevas et al. 2016 .
Total height is a basic variable in the classication of forest areas, as it helps to determine their productive capacity and consequently the stand delimitation of the forest mass (Vanclay 1994) . But in the data collection for a forest inventory, this variable is not measured in all trees, due to its degree of diculty, in addition to the cost and time that this requires, so for the preparation of management plans this variable is estimated in a sub-sample measured per site (Zhang et al. 2002) . Because of the importance of reducing time and costs in forest inventory data collection and the accurate estimation of the total height of trees for the preparation of forest management plans, in addition to the lack of quantitative tools to support the planning and implementation of management programs for this species, the aim was to t an equation that describes the functional relationship between the total height and normal diameter of Pinus pseudostrobus in forests of the Indigenous Community of San Juan Nuevo Parangaricutiro, Michoacán.
MATERIALS AND METHODS
The study was conducted in a 520 ha area divided into six Pinus pseudostrobus stands under forest management, where the silvicultural development method (SDM) is applied, in accordance with the forest management program in force in the CIN-SJP. The forests are between 2 200 and 2 500 meters above sea level, where there is a humid temperate climate (C (w 2 )(b) and C(w 2 )(w)), and are located at southwest of the Purhépecha Plateau within the Trans-Mexican Volcanic Belt region (Velázquez et al. 2003) .
In order to collect the eld data, we took into account the procedure described by Laar and Akca (2007) , who mentioned that information should be obtained from between 20 and 25 individual trees of all dimensions per stand to adequately cover the variability of each of the studied stands. By means of a directed sample, an average of 28 trees were measured per stand, of which the total height (Th) and the normal diameter (dn) were recorded in a total of 169 trees. Specic characteristics were considered for the selection of individuals, such as: a circular and undamaged crown; a monopodic, straight stem undamaged by lightning or re and www.ujat.mx/era 
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Pece et al. , Juárez et al. 2007 (4) without malformation, and trees that were not subject to resin extraction or tapping activities. Stands were also excluded if they had pests, diseases or any type of natural or anthropogenic disturbance and if they were less than 20 m from roads or clearings to avoid edge eect problems.
We analyzed ten allometric models (Table 1 ) chosen for having shown good estimates in other works (Huang et al. 1992 , Pece et al. 2006 , Trincado and Leal 2006 , Juárez et al. 2007 and Vibrans et al. 2015 , in which k = height of 1.3 m where dbh is taken; b's = Parameters to be estimated. In choosing the equations, we considered the recommendations made by Fang and Bailey (1998) who suggest using only two-and threeparameter models, because expressions with four or more can lead to problems of convergence or instability of the estimates. The t of the models and the estimation of their parameters were performed with the MODEL procedure, which is an indistinct procedure for linear and non-linear models, and the SAS (SAS 2008) FIML method. To obtain a better convergence of the parameters, we The goodness of t of the models was determined by the lowest values of the sum of the mean squared errors of prediction (SSE) and the root mean squared error (RMSE) Leal 2006, Vibrans et al. 2015) and the highest values of the adjusted coecient of determination (R 2adj ), as well as the signicance of the parameters and the low values in their standard error (Diéguez-Aranda et al. 2005 ). The homoscedasticity assumptions of the residuals were evaluated with the graphic analysis and the White (W) test, the autocorrelation of errors using the Durbin-Watson (DW) test (Barrios et al. 2014 ) and the normality with the Shapiro-Wilk (SW) test (Vibrans et al. 2015) , considering the Kurtosis index (KI) (Martínez-López and Acosta-Ramos 2014). The accuracy of the estimates was evaluated with the absolute bias (B), the aggregate dierence in percentage (AD %) (Lencinas and Mohr-Bell 2007) and the graphical test of predicted data against observed data.
RESULTS
The descriptive statistics indicate the range of applicability of the adjusted equations, in which the normal diameter averages 35.82 cm with variation of 10 to 65 cm, and height averages 24.52 m with values lowerand greater than 7.50 to 39.00 m; the variance describes the dispersion of the data used for the t, together with the values of the coecient of variation (CV) and standard deviation (Table 2) .
For the regressions, the results of the t show an explanation of the variation of the data above 90% (R 2 adj > 0.9) with low SSE and RMSE values. But for models 1, 2 and 8, the reference parameter of the intercept is not signicant, a situation that can cause problems in the estimation of total height, so they were ruled out of the nal selection (Table  3) . Models 7, 9 and 10 were the best, for having the lowest values in the SSE and RMSE, and the highest values of R 2 adj , in addition to presenting all their signicant parameters and low standard errors, which makes them statistically stable in the prediction.
The graphical results of the evaluation of the regression assumptions for the three selected models indicate that there are no heterocedasticity problems, which is conrmed by the non-signicance of the White test. The data tend towards normality because the SW test was greater than 0.94, and the Kurtosis index and the tendency in the graph in all cases is leptokurtic. The Durbin-Watson autocorrelation statistic is below 1.5 and the likelihood statistic is very similar among the three models, with models 9 and 10 being superior to model 7 (Table  4) .
The accuracy of the estimates made by the three models indicates that model 7 is the one that generates the lowest deviations when estimating, individually or in general terms, the total height from the diameter at breast height, followed by model 9 and nally model 10, where none of them reaches 1% or the error meter when calculating the total height as a function of diameter at breast height ( against observed values, a desirable estimate tendency was found (Figure 1 ). Model 7 was selected as the best because it predicts the data trend with greater delity; unlike models 9 and 10, the height prediction curve does not decrease until 50 cm in diameter, overestimating the values of the dimensions. Bias and aggregate dierence in % of the estimates made with three allometric Th-dbh models for P. pseudostrobus in the Indigenous Community The accuracy of the estimates was veried with Hair et al. (1999) , who indicate that it is not always the most statistically stable equation that complies with the regression assumptions that generates better estimates or produces the least biases. The graph of the predicted values against observed values shows the trend of the estimates that are similar to those reported by Puji (2014) when using two linear and ve non-linear models to represent the allometric relationship between the total height and diameter at breast height of tropical species. Model 7 was selected as the best because it predicts the data trend with greater delity, a situation similar to that reported by Juárez et al. (2007) and Puji (2014) who found that nonlinear models have a better t.
The chosen model is dierent from the cubic linear model proposed by Hadaet (2014) to estimate height according to diameter in P. brutia and the models proposed by Huang et al. (1992) for species of the genera Picea, Pinus, Populus, Betula, Abies, Pseudotsuga and Larix. But the height curves generated with local allometric models are the most accurate in the estimates of forests or stands (Diéguez-Aranda et al. 2009 ). Model 7, selected for being more stable, presents the smallest deviations when estimating the total height according to diameter at breast height, and according to Costas and Rodríguez (2003) it can be used reliably in estimating height and other derived variables such as the volume of the stands or for the characterization of the structure of the tree masses of this species, as well as for economizing on forest inventory costs (Trincado and Leal 2006) . In addition, it can be included to project the growth of the species in a reliable way, as mentioned by Diéguez-Aranda et al. (2005) . This study's applicability is restricted to the local level (Diéguez-Aranda et al. 2009 ) despite the high pressure of such equations demonstrated by Trincado and Leal (2006) , a situation by which the tting of generalized height-diameter models, either traditionally or under the mixed-eects approach, is an alternative that extends the functionality of the information generated, reduces biases and better covers regional variability (Corral-Rivas et al. 2014 , Kulie²is et al. 2014 ). Other similar works mention the goodness of t of such results in the collection of eld information and in the accuracy of the total height estimates to calculate the volume individually or by stand (Diéguez-Aranda et al. , Vibrans et al. 2015 .
CONCLUSIONS
The selected equations can be applied in the CISJNP's P. pseudostrobus forests to reduce the time spent conducting a forest inventory, to obtain the necessary eld data to estimate the total volumetric stock in the stands or to characterize the vertical structure of the forests. Equation 7 proved to be more stable than the other equations, so it can be used reliably to estimate height. This can be part of the quantitative silvicultural methodologies for estimating the height and total volume of the stands, in addition to the growth and yield calculations by combining the results with stand variables.
